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Paramagnetic  resonance  data  of  various  rare  earth  iona 

r'frO  jnjujtr-'  f” 

in  the  crystal  field  of^^j^pSa,  presented.  It  is  found 
that  there  are  at  leaat  three  types  of  syumetries,  cubic, 

axial  and  trigonal.  la  pea+Saa— gfe  spectra  “£"  n_>f 
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are  presented. 
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¥•  have  studied  the  paranagnatio  resonance  spectra  of  rare  earth  ions  in 
the  crystal  field  of  calciua  fluoride.  These  speotra  can  be  classified  as 
belonging  to  three  types:  a.  spectra  which  indicate  that  the  rare  earth  ions 
an  exposed  to  a  cubic  field;  b.  spectra  in  which  the  anisotropic  behaviour 
suggests  an  axial  crystal  field  along  the  cubic  directions;  c.  spectra  in  which 
the  axial  distortion  is  along  the  body  diagonals  of  the  cube. 

The  calcium  ion  with  fluorite  structure  is  surrounded  by  a  cube  of  eight 
nearest  fluorine  ione.  The  trlvalent  rare  earth  ions  substitute  for  the 
calcium  ion.  However,  a  charge  compensation  has  to  take  place  to  preserve  the 

neutrality  of  the  crystal.  From  measurements  of  the  X-ray  lattice  constants1 

2 

and  of  the  ionic  conductivity  it  has  been  shown  that  in  well  annealed  crystals 

the  main  disorder  introduced  into  the  crystal  by  the.  addition  of  the  rare  earth 

ion  is  the  formation  of  S'”  interstitial  (see  ?ig.  l).  The  empty  sites  whioh 

are  available  for  the  interstitial  F“  ion  are  located  at  the  center  of  the 

adjacent  cube  along  one  of  the  cubic  axes.  Supporting  evidence  for  flaw  S'" 

3 

interstitial  formation  is  found  in  the  work  of  Bleanjsy  et  al. 

With  proper  thermal  treatment,  part  or  a  large  fraction  of  the  interstitial 
fluorine  ions  can  be  removed  from  the  adjacent  cube  next  to  the  rare  earth  ion.* 

In  this  case,  the  point  symmetry  of  the  rare  earth  ions  approximates  0^.  In 
some  crystals,  however,  the  predominant  axial  distortion  is  found  from  paramagnetic 
resonance  spectra  to  be  along  the  body  diagonals  of  the  cube.  The  optical 
spectra  ehova  a  number  of  strong  bands  and  very  poor  ultraviolet  transmission. 

It  is  likely  that  one  of  the  fluorine  ions  at  the  corner  of  the  cube  is  replaosd 
by  02-  or  0H~  ion.  Supporting  evidenoe  is  found  that  on  hasting  the  crystal 
in  air  this  spectrum  increases  in  intensity. 

The  respective  crystal  fields  are  given  by 

.)  V  cubic  .  B4»  [o4Ort(0<4  4  ^ [o,®  -  21(0/  .  o/>] 

b$  V  axial  -  B2°02°  +8^0^  +3^°  +  B44(044*  0^)  +B#4(064+06“4) 

e)  V  diagonal  -  BgOOj0  ♦  B4°04°  +  Bg0^0  ♦  ♦B(J8(0(}3+0#“3> 
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where  bJ*  are  crystal  field,  coefficients  proportional  to 

B01 


a 

and  0  are 
n 


operators  transforming  the  corresponding  spherical  Legendre  polonomials. 

The  magnetic  properties  of  these  three  types  of  spectra  are  very  different 
and  we  shall  illustrate  this  in  a  few  selected  examples.  A  full  report  of 
the  magnetic  properties  of  the  rare  earth  ions  in  calcium  fluoride  will 
appear  elsewhere. 

B>.  \5/2 

a)  In  the  cubic  field  of  calcium  fluoride,  the  16-fold  degeneracy  splits  into 
3  quarters  (fs)  and  two  doublets.  The  lowest  levels  are  given  by 

-258.86  o  -  162  d,  1*8 


-26  o  -  312  d,  I7 


where  o  and  d  are  parameters  signifying  the  fourth  and  sixth  order  contribution, 
for  a  point  charge  model  they  are  given  by 


o  ■ 


33.11.13 


35  11.15' 


The  observed  g  factor  is  6,785  -  0.002.  This  is  consistent  with  a  (7  ground 
state  whic  gives  g  calculated  »  6.79.  A  lowest  P?  level  indicates  that  the 
rare  earth  x  apeotrus  is  dominated  to  a  largo  extent  by  the  sixth  order  term 
in  the  potential. 


b)  An  amial  spec  true  has  been  observed  by  Baker  et  al  and  by  the  author  with 
Cm  ■  7.76  and  gj  -  6.253*  This  is  consistent  with  the  same  doublet  level 
exoept  mow  exposed  to  as  axial  field  since  g«  +  2gj  g  amble 
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e)  A  set  of  thro#  linos,  arising  from  the  three  inequivalent  sites  with 

7 

sysseUj  along  the  three  body  diagonal  directions,  is  observed  in  sons  crystals. 
Isoh  ion  oaa  be  described  by  g  factors 

g;  ■  2.25,  gj  ■  8.9  and  again  gM  +  2gj  g  cubic. 

3 

The  g  factors  oaa  be  explained  to  arise  frca  a  doublet  with 

a|  ♦  13/2  >  +  b  j  +  7/2  >  +  c  |  +  l/2  )  +  dj-  5/2  >  +  ej  -  ll/2  ) 

with  the  coefficients  b  and  d  larger  than  a,  o  or  e. 
lb31*  i  2*j/2 

(a)  The  cubic  field  suggests  that  [*7  is  the  ground  state  level.  The  wave 
function  of  the  doublet  is  given  by 

JVj  *4*>  -  <Pfcl 

and  the  calculated  g  factor  -  24/7.  *he  observed  g  factor  of  5.426  V  0.001  is 

8  " 

in  essential  agreement. 

(c)  The  apeotzus  along  the  body  diagonals  can  be  represestsd  by  the  sy&n 
Haajltonian 

H  "  ‘"PV*  +  *-»  pj?*8*  +  *W  4  ^sV  B(8xV  *yly)  *  pU,2-l/3I(+l>] 


with  3  »  ±  sad  I  «  -J-  or  I  ■  5/2. 

The  observed  g  factor  is  g„  •  1.323  4  0.001  and  gj  •  4.387  +  0.002  showing  that 
this  is  the  [* 7  aniaotrcpio  level,  this  Kissers  doublet  can  be  epproxiaeted  with 

0.940  J  ♦  1/2  )  +  0.264  |  ♦  7/2  )  *  0.209  J  -  5/2  ) 


-  5  * 


Thsfcypsrfins  part  is  expressed  as 


A171  «  554.6 

. 1166 

A173-* 

Bm  ■  520 

—A 

all  in  10  am.  Thsss  rasulta  indiost*  a  laxga  quadrupol*  aoant  of  about 
2.4  bams. 

W5*  ^g/2 

(a)  Calculations  show  that  the  ground  state  for  all  ratios  of  the  fourth  to 
sixth  order  parameters  is  given  by  a  quartet  [s.  She  nave  functions  and 
g  factors  axe  given  by 

a  value  transition  fn&nlTfy 

2.24  0.8722  j-S/2/ -0.4892  |  +  3/2  )  0.8722  |+5/2  )  0.4892  J  -  3/2  )  20 

1.15  0.8722  J+5/2  >0.4892  j-  3/2  }  0.05410 j  -  9/2 >  -0.2981  j-l/2;0. 9530  j+7/2 )  4.4 

4.54  0.6410 1+9/2>-0.2981  j  +l/2>0.9530 j  -7/2>0.05410 J-9/2>0.2981  J 

-1/2  >0.9530  j  +7/2  >  0.075 

The  spin  Haniltonian  of  the  li)  level  in  a  cubic  field  As  outlined  by 
Bleaney^  applies  here.  The  speotxua  has  been  investigated  and  corresponds 

approximately  bo  this  Hamiltonian. 

H  -  gBdJ^)  4  flKH^3)  i  -  x,  jr,  s. 

_  10 
The  observed  and  calculated  g  factors  are  given  in  Table  I  . 

(b)  The  axial  field  spectrum  has  been  investigated  by  Bleaney  et  al3  and 
remeasured  by  us  10.  The  g  factors  are  given  i.  -  4*412  and  gj  «  1.301. 

The  ground  state  oan  be  described  possibly  by 


-  ej+9/2>bl+l/2>  t  cj  -  7/2  ) 


(a)  A  weak  epectrun  is  Also  obssrrsd  with  the  azIaI  field  along  the  body 
diagonals. 

Vs  haws,  la  addition,  obssrrsd  -Ota  cubic  field  spsotrus  of  Ce^\  V* 

and  Gd^\  tha  flald  spectra  of  these  lobs.  The  axial  epeotra  of  ions 

TL  5  7 

with  area  nunbar  of  eleotrons  such  as  Tb  ,  and  Tnx  has  bean  obsarred  as  wall. 

A  large  pert  of  this  work  has  been  performed  la  collaboration  with 
Mr.  N.  Drir,  U.  Bosenberger  and  Sr.  6.  Viaoow. 
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T 

Moaourod  and  oaloulatad  g  factor  of  1  8  ground  atata  of  Xd^. 


Diraotion 

C  «P* 

g  calc, 

300 

2.26 

2.24 

1.10 

1.15 

no 

1.45 

1.46 

1.6 

1.7 

v* 
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Crystal  Structure  of  Chl^ 


The  figure  indicates  tho  possible  defeet  sites  user  the 
zero  earth  ion  substituting  for  the  osloiue  ion. 
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